e have compared the survival and radiological outcome at ten years after total hip replacement using two techniques for preparing the femoral canal. The same prosthesis was used throughout and all operations were performed by the same surgical team. In technique 1 the canal was over-reamed by 2 mm and in technique 2 it was reamed to the same size as the prosthesis. There are two techniques currently in use for cementing the femoral component during hip replacement. One, popular in W the USA and the UK, seeks to produce a complete cement mantle of at least 2 mm in thickness and without 'windows'. It is believed that 'windows' may allow debris to reach the interface 1 and that thin cement mantles will be highly stressed and may fracture.
There are two techniques currently in use for cementing the femoral component during hip replacement. One, popular in W the USA and the UK, seeks to produce a complete cement mantle of at least 2 mm in thickness and without 'windows'. It is believed that 'windows' may allow debris to reach the interface 1 and that thin cement mantles will be highly stressed and may fracture. 2, 3 The second technique is used almost universally in France following the work of Postel et al 4 and has a thinner mantle in which the possibility of 'windows' is accepted. In the first technique a cavity is reamed which is larger than the prosthesis and in the second line-toline reaming is used to produce a cavity which is the same size as the prosthesis and into which it is inserted, after the cement, as a press-fit. Both techniques use distal occlusion and a distal centraliser with washing and drying of the femoral cavity.
We have compared the survival at ten years and the radiological outcome using these techniques with the same femoral component in two cohorts of hips which were replaced by the same surgical team. Although we knew how the prostheses were inserted, we did not know what effect this had on the distal cement mantle. We believe that it is impossible to analyse a three-dimensional cement mantle from plain radiographs in sufficient detail. We therefore also performed a cadaver study in order to establish the exact dimensions of the cement mantles produced by these two techniques. We refer to the first method (thick cement), in which the canal is over-reamed by 2 mm, as technique 1 and the second (thin cement), in which the canal is reamed to the same size as the prosthesis, as technique 2. To our knowledge, these techniques have not previously been compared.
Patients and Methods

Clinical study
Operative technique. All operations were performed by the same surgical team under the supervision of Mr M A R Freeman. An anterolateral exposure was used. 5 The femoral head was excised and a slot was cut in the retained femoral neck. The femoral canal was prepared using a circular, tapered reamer until there was cortical resistance. The reamers had the same cross-sectional dimensions as the prosthesis. For technique 1 the diameter of the reamer was 2 mm greater than that of the final prosthesis. For technique 2 the reamer and the prosthesis were of the same size.
Low-viscosity CMW cement (DePuy, Blackpool, UK) was used. The femoral canal was washed, brushed, distally occluded, and packed with adrenaline-soaked swabs. The cement was inserted retrogradely by a gun. Any cement which overflowed was irrigated with warm saline to form a skin of more polymerised cement as proximal seal. In technique 1 the prosthesis was then inserted using proximal and distal centralisers. Since the retained femoral neck forms an approximately horizontal entrance to the femoral canal which is effectively occluded by the prosthesis, insertion of the stem gives significant pressurisation, particularly in technique 2. The prosthesis. For all patients, the same design of Freeman cobalt-chrome femoral component was inserted (Corin Medical Ltd, Cirencester, UK and Finsbury Instruments Ltd, Leatherhead, UK). This retains the femoral neck in order to assist vertical and rotational stability of the implant. 6, 7 Distally, the stem tapers with a circular crosssection to avoid corners which may generate stress risers within the cement. Proximally, the stem is textured and shot-blasted. Distally, it is polished (Fig. 1) . The femoral heads were made of cobalt-chrome articulating with highdensity polyethylene sockets in all cases. Patients. We excluded patients who had early failure which was unrelated to the fixation and those who lived abroad and were therefore unavailable for review in the UK.
Technique 1 was studied in a consecutive group of 92 patients who had undergone total hip replacement between June 1983 and September 1987. By ten years 23 of these patients had died but with well-functioning hips. One patient had been lost to follow-up, but was known not to have died in the UK, since the death had not been registered with the Office of National Statistics. Thirteen patients had had failure of the acetabular component, in nine of whom it had been revised and the femoral component left in situ.
Four patients had undergone a revision at other hospitals for acetabular failure, and both components had been revised (one in year 4, one in year 6 and two in year 7). In all cases the femoral component was well fixed. It can be difficult to perform an isolated acetabular revision in the presence of a neck-retaining femoral component. For the purpose of this survival analysis these four patients were withdrawn from the study.
Technique 2 was studied in 97 consecutive patients who had undergone a total hip replacement between October 1988 and May 1993. By ten years, 31 patients had died and one had been lost to follow-up but was known not to have died. In two patients the acetabular component had failed (one in year 8 and one in year 9). In one of these, it had been revised in isolation and the well-fixed femoral component left in situ. In the other, circumstances made revision inadvisable and the well-fixed stem had been removed as part of a Girdlestone pseudarthrosis. For the purpose of this survival analysis the patient was withdrawn from the study.
There were no significant differences between the two groups ( Table I ). The difference in the incidence of acetabular failure was significant (technique 1, 13 patients; technique 2, two patients; p = 0.002), but this is explained by the greater use of a particular acetabular component in technique 1. Its use was abandoned before patients who had technique 2 underwent surgery. All the operations were primary arthroplasties. Radiological review. All patients had radiography at six months and at one, two, three, five, eight and ten years after operation or as near to these timings as possible. The radiographs studied were those taken at five and at eight years after surgery. This gave 62 patients in technique 1 and 64 in technique 2 with radiographs at five years, and 42 and 41 patients, respectively, at eight years. Standardised anteroposterior views were taken to show the entire femoral component. Separate pelvic radiographs were taken for the acetabulum. No lateral views were taken of the femur in order to reduce the exposure to irradiation.
Migration was measured by a single observer who was blinded to the surgical technique used. The method of measurement has been previously described and has an observer error of 1 mm. 6, 7 Radiolucent lines (RLLs) and other changes were also sought by the observer. Fifty randomly chosen radiographs were viewed by a second observer whose findings agreed with the first in 48 instances, giving an interobserver error of 4%.
RLLs were deemed to be present if they were at least 2 mm thick and occupied 30% or more of any one of the zones of Gruen, McNeice and Amstutz. 8 Lytic lesions were defined as balloon-shaped lucencies which were not surrounded by sclerosis. Statistical analysis. We calculated survival by using revision, or an awaited revision for aseptic femoral loosening, as the definition of failure. Survival analysis was performed by using the life-table technique, and the confidence intervals calculated using the Rothman formula. 9,10 Parametric variables were compared by either Student's t-test or the chi-squared test. Non-parametric variables were compared by the Mann-Whitney U test or Fisher's exact test using StatView 5.0 (SAS Institute, Cary, California). Cadaver study Eight fresh, normal human proximal femora were retrieved from four male cadavers. The two specimens from the same Horizontal sections produced in the cadaver study in a) technique 1 and b) technique 2. Both appear to produce a complete cement mantle. Photograph showing the levels of femoral section used to measure the thickness of the cement mantle in the cadaver study.
cadaver were used for techniques 1 and 2. Right and left femora were randomised. Acrylic components without a neck were manufactured with a stem 14 mm in diameter. The canal was prepared by using a reamer which was 2 mm greater in diameter than the stem for technique 1 and identical in diameter to the stem for technique 2. The femoral canal was washed, brushed, dried and distally occluded. A stem without a neck and head was inserted with the help of a distal centraliser in both groups and with an added proximal centraliser in technique 1. Both the cement and cementing techniques used were the same as in the clinical study. The same experienced surgeon inserted all prostheses in the cadaver study.
Once the cement had cured, the specimens were sectioned horizontally at intervals of approximately 10 mm in order to produce ten sections in seven specimens and nine sections in one (Fig. 2) . Each cross-section was digitally photographed (Fig. 3) and the thickness of the cement measured by an image-analysis programme (UTHSCA Image Tool, San Antonio, Texas) along 12 diameters drawn through the centre of the stem at intervals of 15˚. The thickness of the cement mantle was measured on each of these lines as the distance between the edge of the prosthesis and the outer edge of the cement, thus including cement intruding into cancellous bone. The mean thickness of the cement mantle was calculated at each level and compared between the two groups.
Results
Clinical study Survival analysis. Tables II and III give the results for both techniques using femoral revision for aseptic loosening as the endpoint. Survival at ten years for technique 1 was Table IV shows the vertical migration in both groups. The prosthesis migrated slightly more rapidly in technique 1 than in technique 2 (1.8 mm versus 1.0 mm at five years), but this difference was not significant. In both groups the rate of migration at two years predicted a satisfactory outcome. 11, 12 Radiolucent lines. There were significantly fewer lines in technique 2 at five and eight years except in zones 4 and 5 (Table V) . Lytic lesions. There were fewer lytic lesions in technique 2 at five years in zone 4 (p = 0.02) and at eight years in zone 5 (p = 0.04) (Table VI) . When RLLs and lytic lesions were combined, there were more radiological changes at five years (22 versus 9; chi-squared test, p = 0.061). Radiological appearance of the cement mantle. Qualitatively, the cement mantles themselves appeared to be similar in the two groups (Figs 4 and 5) on the radiographs. Quantitatively, we could make no comparison for the following reasons: 1) we could not estimate the mean thickness of the mantle within and between zones; 2) we were often unable to identify the outer border of the mantle, especially if it lay against cortical bone with no intervening RLL (white-out); 3) we could not distinguish between a very thin mantle and no mantle at all (window); and 4) we were aware that by examining only two interfaces (medial and lateral) the results would be subject to sampling errors.
Cadaver study
The thickness of the cement mantle at each section level is shown in Table VII . Proximally (levels 1 to 5), it was similar in both techniques because the cement penetrated the cancellous bone to a greater depth in technique 2 than in technique 1. Distally (levels 6 to 10), technique 1 produced a thicker cement mantle because the larger reamer produced a cortical canal of greater diameter into the walls of which the cement could not penetrate. Overall, the mean thickness of the cement mantle was 3.76 mm ± 0.07 SEM in technique 1 and 3.18 mm ± 0.08 SEM in technique 2 (Mann-Whitney U test, p < 0.0001). For technique 2 we noted that the mean thickness of the cement mantle at each level was more than 2 mm. For technique 1, one section showed direct contact between the stem and the bone at level 10. For technique 2, three sections showed direct contact between the stem and the bone at levels 9 and 10. In addition, there was direct contact in the middle of the stem in two sections at levels 4 and 5. None of these points of contact would have been seen on an anteroposterior radiograph.
Discussion
The rates of survival with techniques 1 and 2 were acceptable for a cemented prosthesis at ten years by the standard suggested by the National Institutes of Health 13 and there was no significant difference between the two, or between the rates of migration. Both techniques thus appeared to be acceptable, as may be expected, since both have been widely used for many years.
The radiological quality of the interface was significantly better in technique 2, introduced by Postel et al, 4 and widely used in France. We believe that this may be due to two factors. First, if the prosthesis is used to pressurise the cement, a higher pressure is produced by the tighter fit in technique 2. Song, Goodman and Jaffe 14 showed that if the intrafemoral pressure was measured continuously throughout cementation, the insertion of the stem generated the highest pressure. They also suggested that prior pressurisation may be unnecessary. Secondly, the tight press-fit immobilises all the cement interfaces while the cement sets. It may be that eliminating micromovement during this vital period has profound and long-lasting effects, such that by 20 years this technique would be demonstrably preferable. Certainly, it would seem that current concerns about the dangers of a thin cement mantle are misplaced.
Contrary to other studies, 15 we could make no qualitative comments about the state of the mantle produced by the two techniques clinically. The reasons for our inability to quantify the mantles are given above and became obvious from the cadaver study. Proximally, the mantles were of the same thickness in the two techniques but interdigitated with bone to a greater extent in the 'thin' technique (technique 2). In vivo, with servohydraulic tensile testing, it has been shown that the extent of the penetration of cement into bone is the most important determinant of failure at the cement-bone interface. 16 The difference is difficult to see on inspection of the cadaver specimen and would be imperceptible radiologically.
Distally, the mantle in the cadaver study was thicker in technique 1, but in the absence of an RLL, the cement-cortical bone interface could not be seen reliably on a radiograph. Windows are hard to distinguish from very thin mantles on a radiograph and can only be seen if the window lies by chance on the horizon of the radiograph.
It is possible that both of these groups had a 'thin' cement mantle, with one being 'very thin'. If this is so, the survival with the 'very thin' mantle is so good at ten years that the chance of a very thick mantle being better would seem to be remote. In order to produce a mantle 3 mm thicker than the prosthesis, either more bone would have to be reamed or the prosthesis made thinner and weaker. Neither strategy seems to be attractive.
We have one caveat. The prosthesis which was used relies on retention of the femoral neck to control rotation. Distally, the stem is circular. This geometry may favour a thin cement mantle by avoiding stress risers at corners. Similarly, retention of the neck, in theory, improves the cement pressurisation which is produced by insertion of the stem and helps to immobilise the stem while the cement sets. This, again, may favour technique 2. It has been suggested, however, that retention of the femoral neck makes the presence of incomplete cement mantles more likely. 17 In our study, a detailed radiological examination of the cement mantles has revealed a low incidence of defects of the mantle.
We conclude that the suggestion that a proximal femoral prosthesis must be inserted with a 'thick, complete' cement mantle is wrong. The concept of a press-fit stem supplemented with cement is as good, if not better.
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